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The present invention relates to 



nucleic acid sequ encihg. 



According to one aspect of the present invention there is provided a method for 
sequencing nucleic acid molecules, the method comprising the steps of: 

a) providing at a first location a plurality of single strande-d nucleic acid 
molecules that have the same sequences as one another and that are 
hybridised to primers in a manner to allow primer extension in the 
presence of nucleotides aid a nucleic acid polymerase; 

b) providing at a second location , which is different from the first location, 
a plurality of single stranded nucleic acid molecules that have the same 
sequences as one another, but that may have different sequences from the 
sequences of the single stranded nucleic acid molecules at the first 
location, and that are also hybridised to primers in a manner to allow 
primer extension in the presence of nucleotides and a nucleic acid 
polymerase; 

c) providing each location with a nucleic acid polymerase and a given 
nucleotide under conditions that allow extension of the primers if a 
complementary base or if 
appropriate position in the 



a plurality of such bases is present at the 
single stranded nucleic acid molecules; 



d) detecting whether or not skid nucleotide has been used for primer 



extension at er^ch location; 



e) repeating f steps c) and d) one or more times until a sequence of a desired 



length (whether full or partial) has been obtained. 



are set forth in the accompanying claims 
limiting manner in the following illustrative 



Other aspect 5 of the present invention 
and are described in a non-li 
drawings and example. 



Figure 1 



Figure 1 illustrates one embodiment of the present invention. 



Figure 1(a) shows an example 
primer having a 3 ! end available 



Figure 1(b) shows how labelled 
shown in Figure 1(a) can be uio 
using labelled nucleotides. 



of the annealing of a primer to a template, the 
for primer extension. 



bases complementary to the underlined bases 
:orporated by a stepwise primer extension cycle 



Figure 1(c) shows how bases with fluorescent labels, which can be incorporated 
in step (b) ; can be detected in situ by fluorescence measurements. 



Figure 2 



Figure 2 shows individual spots or "colonies' 5 , each comprising large numbers of 
nucleic acid molecules which are sequenced in the manner illustrated in Figure 2. 



Figure 2(a) shows the colonies before fluorescence labelled nucleotides are added. 

Figure 2(b) shows the colonies a:;ter a fluorescence labelled GTP has been added 
in the presence of a DNA polymerase and the colonies have been washed to 
remove any labelled GTP not used in primer extension. The dark colonies are 
those which have incorporated one or more labelled Gs. 

Figures 2(c), (d) and (e) show how the procedure illustrated by Figure 2(b) has 
been repeated using the fluorescence labelled nucleotides ATP, TTP and CTP 
respectively (and washing after eLch cycle to remove nucleotides not used in 
primer extension). 

A fluorescence detection means can be used to distinguish between incorporation 
of fluorescence labelled A, T, G or C. The latest base to be incorporated in a 
given colony by primer extension is illustrated in Figures 2(b) to 2(e) by filled 
circles having different appearances for different bases (G is represented by dark 
circles, A by circles with oblique shading, T by grid-like shading and C by dots). 

Figure 2(f) shows two partial sequences which have been determined by the 

i 

method illustrated in Figures 2(a) to (e). The sequence shown in lane 1 is GAC, 
whereas that shown in lane 2 is ATC. For ease of reference, the colonies shown 
in Figure 2(a) have been identified with numbering corresponding to the lane 



numbering shown in Figure 2(f). 



It can thus be seen that two different types of 



4 



colony are present in Figure 2(a) (i.e. a given DNA molecule is present in 
colonies identified with "1" in (substantially homogenous form and with a 
different DNA molecule is present in colonies identified with "2", also 
substantially homogenous in form). 



Of course the present invention 
different nucleic acid molecule 

Figure 3 
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can be used to sequence many more than two 
sequences. 



Figure 3 is referred to in the acc ompanying example and indicates that the method 
of the present invention can be Successfully applied. 



I 



EX A MPT ,F 



This example indicates that successful step-by-step incorporation of nucleotides 
using the method of the present invention can be achieved. The example uses a 
sequencing gel for illustrative purposes since such gels are routinely used for 
sequencing. It will however be appreciated that the present invention is 
preferably used for in situ sequencing of nucleic acid molecules and therefore it 
does not require the use of sequencing gels. 



Experimental procedure : 

1 • Th^scqu^c^g cycles w«c done on skgle-stranded template molecules bound on magnetic 

SteSe^Sf^ 6 ^ W " ^ PGR from the polylinker of plasmid 

^SS^S^S^S^T OT ta ^ ^ -^ double- 

wa, C^lO^^pHgT A H' 1,ta * *• ^^»«nded DNA bound to thebead, 

WALi AAA-3 ) were located on portion 621and 794. respeciivaly 
K w ^ 'P^ 1 coiuznn, the pnmer were conserved at -20 - C 
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The annealing was performed by heating the mixture of primer and template molecule* for 5 
nun at 70 S C and slow cooling for 2 hours. 

3. The sequencing reaction were performed by successive cycles of primer extension (in 
presence of only one type of nucleotide), aliquot removal for analysis, and washing. Each 
cycle was done using a different nucleotide in solution, using the arbitrary order of A, T. G 
C A. T, G, C A, T, etc.. | 

We choose the T7 Sequenase H (Amersham) as the enzyme for polymerization reactions. In 
contrast to reco mm e n da t ions of the manufacturer the reaction mix only contained 0.1 u/^il 
Sequenase and 100 nM of a single type of normal deoxynucleotide. Four different mixes were 
prepared, each with a different type of nucleotide. 



A cycle started with the removal 
cold reaction mixture was * H * fctL 



of buffer from the template-bound beads using a magnet. Ice- 
. Ate 5 seconds an aliquot was collected and kept on ice in 10 
volumes of stop buffer containing fannamide and EDTA Ten volumes of washing buffer (10 
mMTrispH8.0) was added to the remaining reaction mixture and immediately removed after 
magnetic separation of the template-bound beads. Washing was repeated and next cycle was 
initiated. 

At each cycle, a smaller volume c f fresh reaction mixture was used, according to the remaining 
_ amount of template after aliquot removal and washing losses. 



4. The aliquots collected after each cycle 



were then analyzed on denaturing sequencing gel. 



After migration, the gel was autoradio^jraphed to reveal to position of each band. 

The aliquots in stop buffer were denatured for 5 min at 95°C and immediately cooled on ice 
before loading on 0.75 x 180 x 320 mm aaylamide gels containing IxTBE buffer and 7 M 
urea. The system was model SE420 from Hoefer Scientific Instruments. Migration was at 2000 
V for 5 min and 250 V overnight 

As a control, unreacted oligonucleotides were applied on gel (lane 1), as well as the product of 
a reaction perfonned in presence of all 4 nucleotides, to give rise to fully extended molecules 
(lane 2). 

After migration, the gel was fixed in 10% glacial acetic acid and 10% methanol for 30 min. 
Still humid, it was transferred in a plastic bag in autoradiography cassette to expose a Kodak 
X-OMAT AR film for 9h at 25°C. I 



Results and discussion: 



The very high sensitivity of radio-active label 
after each cycle allowed careful monitoring 
demonstrated thar* 



associated with gel analysis of extended fragments 
of the reaction. As shown on figure 3 it was 



• Conditions were identified which permi : correct polymerization in presence of only one type 
of nucleotide. The polymerization proceeds completely to the last base to be incorporated 
(lane 5), but is blocked for (fiinher) extension if the complementary base is not present on 
template molecule (lane 3 t 4, or 5) 

• There is no misincorporation. as seen on lanes 3, 4, or 6. 

• There is no 3\5 f exonnclease activity (*L fragments of shorter size are not detected on lane 

3 or 4). 1 
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• Successive cycles can be carried out correctly 

Only fragments of the correct size are observed. There arc three exceptions : (1) a small 
proportion of the primer molecules were not extended during first cycle, probably 
because of 3* end damage of the oligonucleotide, (2) A proportion of full length 
molecules are observed after cycle 13, which suggests that washing was not complete 
and that the 4 nucleotides were present in solution. This problem is not considered as 
relevant* because it was not observed between cycles 4 and 12, even though the 4 
different nucleotides had already been used for reactions. The washing steps should also 
be facilitated when the experiment will be repeated with template molecules bound on 
plastic surface. (3) Faint bands of smaller size than expected could be detected after 
longer exposure, which suggests uncompleted reaction. However, the proportion is so 
low that it should not interfere with in situ detection. 



Only 19 cycles were carried out in this 

why more cycles (up to 50 or up to 

successfully . 



This experiment demonstrated that no only 
used for polymerization), but that also de 
method. 



After 20 cycles of de novo sequencing of an 
bases which could be sequenced is of 5, the 
the presence of runs of the same base. In this 
cycles. 



preliminary experiment, and we see no reason 

100 or more) could not be performed 



re-sequencing (when only the expected nucleotide is 
novo sequencing can be carried out efficiently with this 



unknown template molecule, the minimal number of 
maximal number depending on the base order and on 
experiment, as much as 17 bases were read in 1 9 



It should also be mentioned that the template molecule used here is considered as difficult to 
sequence because of its high content of palindromic regions, which give rise to secondary 
structures in single-stranded DNA. This potential difficulty appeared not to be a problem in our 
experiment. 



Conclumion: 

We demonstrated here that sequencing can be performed stepwise using a single tvne of normal 
nucleotide. 



The method described here permits either 
tool for simultaneous mutation detection and 
genetic locations. 



re 'Sequencing or de novo sequencing. It brings a new 
identification on a very large scale and on various 



1 . A method for sequencing nucleic acid molecules, the method comprising the steps of: 



a) 



b) 



c) 



d) 
e) 



Claims 



providing at a first location a plurality of single stranded nucleic acid molecules that have the same 
sequences as one another and that are hybridised to primers in a manner to allow primer extension 
in the presence of nucleotides and a nucleic acid polymerase; 

providing at a second location .which is different from the first location, a plurality of single 
stranded nucleic acid molecules that have the same sequences as one another, but that may have 
different, sequences from the sequences of the single stranded nucleic acid molecules at the first 
location, and that are also hybridised to primers in a manner to allow primer extension in the 
presence of nucleotides and a nucleic acid polymerase; 

providing each location with a nucleic acid polymerase and a given nucleotide under conditions 
that allow extension of the primers if a complementary base or if a plurality of such bases is 
present at the appropriate position in the single stranded nucleic acid molecules: 

been used for primer extension ai each location: 
until a sequence of a desired length (whether full or 



detecting whether or not said nucleotide has 
repeating steps c) and d) one or more times 
partial) has been obtained. 



A method according to claim 1, wherein all or part of the sequence that is obtained in step e) is 
converted to provide a complementary sequence thereto. 



3. A method according to any preceding claim 



wherein if the given nucleotide has been used in 



primer extension in step d) then this step includes the step of detecting how manv of the given 
nucleotides have been used per extended primer. 



4. A method according to any preceding claim. 



wherein after step c) excess nucleotides that have not 



been used in primer extension are removed (e.g. by washing). 

5. A method according to any preceding claim, wherein the nucleotides are labelled with a detectable 
label and detection of the label is used in step d) 

6. A method according to any preceding claim. Wherein step d) uses absorption or emission 
spectrometry 

7. A method according to any preceding claim, wherein said single stranded nucleic acid molecules, 
said primers or both of the aforesaid are immobilised 

8. A method according to any preceding claim that is used to fully or partially sequence 10 or more 
nucleic acid molecules simultaneously 

9. A method according to any preceding claim that is used to fully or partially sequence 100 or more 
nucleic acid molecules simultaneously 

1 0. A method according to any preceding claim that is used to fully or partially sequence 1000 or more 
nucleic acid molecules simultaneously 

11. A method according to any preceding claim, wherein each of four different nucleotides is used in 
primer extension. 



12. A method according to claim 1 1. wherein said 
predetermined order in repeated cycles. 



four different nucleotides are used in a 



13. A method according to claim 1 1 or claim 12. wherein the nucleotides are ATP. TIP. GTP. CTP. 
or labelled derivatives thereof 



14. 



A method according to claim 1 1 or claim 12. wherein the nucleotides are ATP. UTP. GTP. CTP. 
or labelled derivatives thereof. 



15. A method according to any preceding claim, .wherein the detection step is carried out without 
moving the nucleic acid molecules from the different locations. 

16. An apparatus for performing a method according to any preceding claim, the apparatus comprising 
a plurality of nucleotides, a nucleic acid polymerase and detection means for performing step d) of 
claim 1. the detection means being adapted to distinguish between said different locations. 

17- An apparatus according to claim 16 comprising means for removing excess nucleotides from the 
different locations (e.g. washing means). 

18. An apparatus according to claim 16 or claim 17 that is automated to allo w repeated cy cles of 
primer extension and detection. 

19. The invention substantially as hereinbefore described 



10 

ABSTRACT 
INVENTION 

Nucleic acid molecules at distinct locations can be sequenced simultaneously. 
Primers that are annealed to the nucleic acid molecules are provided. Each 
location is then provided with a nucleic acid polymerase and a nucleotide. It is 
then determined whether or not the nucleotide has been used in primer extension. 



4j 



a 

3 

cr 



LO 

! 

«5 
u 
-p 
u 

Cn 
U 
ftf 
U 

Cn 

-P 

fO 

+-> 

-P 



-PH 03 

OHU 
-P M rd 
CnfH U 

UHt^ 

rC M-P 

U H & 
05H-P 
tT>H U 

I Cn 
-P 
<T$ 
Cn 
Cn 
I 

no 



lO 



0) 

6 

•H 
M 

04 



CD 
-P 

a 
e 



3) 




VJ 




CO 




a» 
t_ 


CO 


o 


o 






a 


CO 


o 


"5 


c 


3 


ft) 


T3 


o 




CO 


> 


ore 


ind 


3 


c 


U. 


o 







+ 



I 




1 



*co 

C 

CD 

X 

a) 

CO 
CO 

.a 

a) 

CO 
Q. 



/ 



I 



CO 
»♦- 

o 

CD _ 
O * 

O 



c a> 

o o 2 

N g J 

| S § 

E 0) c 



CO 
CP 

o 
o 

CM 



CO 



>l 



© 

(0 



in situ Sequencing 




G 




A 



Q 









i 












c 












0 



« colonies 



1 


2 










A 

i 


I 
I 

I 
f 

A 




T 


C 


C 



in situ Sequencing : de novo Sequencing 




- wells 



174 bases 



37 bases 



A 
A 
A 
A 



G 
G 



sequence 



Lane 

Nucleotide added 
Step 



123456789 



N 



T 
G 
C 

6 
7 
8 




2 0 bases 



G 
G 
G 



A 
A 



A 
T 



C 
A 



T 
G 



10 12 13 15 16 18 

11 14 17 19 



0.75 mm 159s Acrylanu.de gel 



, TBE + 7M Urea 



